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(54) MettKKl for insiainng a scrolled resilient slieet alongside the Inner surface of a fluid conduH 



(57) A scrolled resiKentGheet (3) is installed against 



the inner surface (4) of a fluid conduit (1) using a carrier 
tod (5) from which a resifient sheet having an average 
thidaiess more than 2 mm and an elastic or paeudoe- 
lastic recoverable strain of at least 0.e% is released so 
that the sheet oq»nds with an expansion forse which is 
sufficiently high to alow the sheet to press itself into 
place alongside the inner sivface of the oondiat and to 
remain m place alter installation. 
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Description 

[0001] The tnventkxi relates to a method tor kistallin^ 
a sooOed resilient sheet alongside the inner surface of 
a fluid conduit. 

[0002] It is known from US patent specifications 
4.501 ,327 and 5.040.283 to scroO a sheet around a car- 
rier tool and then move the canier tool carrying the 
scroOed sheet trough the conduit towards a location 
where the resilient sheet is to be installed, whereupon 
the sheet is released from the carrier tool and elk^wed to 
eiqxnd towards the inner surface of the conduit 
lOOOq us patent specTication 5.040.283 enploys a 
sheet made of a memory metal which expands as a 
resuK of a temperature increasa A cfaawtMCk of this 
method is that memory metals are CDcpenslve and are 
not readSy available in large sheets. 
[0004] US patent spedffication 4,501.327 discloses 
the use of spring steel or atwranium as a resilient mate* 
rfd. which materials have an elastic strain which is 
0.59% or less (02% for aluminium) and that a suitable 
thickness for the sheet material is approximately 3/64 
inch (« 12 mm). 

(00051 In this lonown method the vesient material is 
pressed against the wall of the oondutt when the carrier 
tool is pulled back through the e)7)anded sheet. 
[0006] Drawbacks of this known method are that a rel- 
atively thin sheet material is used which can be easily 
damaged and which has a resifiency whfch is only suffi- 
cient to unscroH the sheet but which does not induce the 
sheet to press itself into place alongside the inner wan 
of the condutt so that a M pressing step is stiH 
rsQuired. 

[0007] It is believed that tfiekiw wan IhkAnese Of the 
known aluminium or spring steel sheets and the rela- 
tively k>w expan8k)n force are associated wHh the tow 
Mastic strain capacity of the materials used. 
[0008] It is an object of the present ffwention to efimi- 
nate these drawbadcs and to provide a method for 
instaling a scrolled resflient sheet atongside the Inner 
surface of a ftukicondintvvNchallcws the use of a rela- 
tively thtok and robust sheet whtah is not easOy dam- 
aged after instaRatton and whtoh does net reqiire the 
step of pressing the sheet atongside the wall of the con- 
duit by means of an expanston tool. 

Summarv of the invention 



[0009] Toward providing these and other advantages 
the melhod according to the present invention emptoys 
a resilient sheet which has an average wan thkioiess of 
at least 2 mm and an elastic or pseudoelastk; recovera- 
ble strain of at least 0.e% so as to induce the scrolled 55 
sheet to expand with an expansion toroe which is suffi- 
ciently high to aflow the sheet to press itself into place 
atonc^e the inner surface of the conduit during instal- 



lation and to remain in place after instaflation. 
[0010] When used in this 8pecifk»tton the term elastic 
strain refers to the yield stress-\bung*s mocblus ratio for 
materials which have a yield point fike many carbon 

5 steels have, or tfie proof stress-Young's nxxlutus ratio 
for materials which do not have a yieU point If the elas- 
tic strain is expressed as a percentage then said ratto*s 
are to be mult|3lied by a factor of 100. 
[QOII] Preferably the resifiert sheet has an average 

10 wall thickness of at feast 3 mm and is made of a titanium 
altoy having an elastic modulus not more than 115.000 
MPa and a proof stress of at least 825 MPa. so that the 
elastic strain is more than 075%. 
[0012] It is also prefened that the resilient sheet mate- 

15 rial has an average waOthicfaiess of at least 4 mm and 
is made of a Ti-SAMV alloy. 
IP013] The sheet m^ be a rectangUar sheet without 
perioratiorB whtoh is used to provkle a seal or a patch of 
an area where the waS of the conduit has been np- 

20 tured. damaged or eroded. Alternatively the flidd con- 
duit is formed by an inftow region of a fiydrocaibon 
pctxfuction wen and the sheet is perforated at re^ilar 
intervals and is installed alongside the inner surface of 
the weObore to serve as a wellscreen. 

2S [0014] If the sheet is to be scroHed to a very small 
diameter, tor example H it is to be moved through con- 
strictions tn the oonduH. then ft can be beneTidal to use 
a pseudoelastfc alloy as sheet material. Suitable pseu- 
doelastto aHoys are Ti-16V-3Ak6& and TWi. 

30 

Briftf CHffiTrriP^ ^« Drawinos 

[0015] These and further features. olJiects and advan- 
tages of the method accoiding to the invention win be 
$5 more fully appredaled by reference to the toOowwig 
detailed description of a prefeaed embodiment of the 
tnventton which should be read in oorijunction with the 
aooorrpanying drawings in which: 

f^. 1 is a schematic side elevattonal view of a resil- 
ient sheet whtoh is being placed Mde a conduit in 
the form of a venical underground borehole: and 
Rg.2isasideviewof anunsooSed restfient sheet 
wNch comprises drcunferiential slots so that the 
sheet can be used as a wellsaeea 

[>fm^^ ^ PrfttefTfld Embodiment 

[0016] Referring now to Rg-llhore Is shown a vertical 
welftx)re 1 traversing an undergroimd formation 2 and a 
resilient sheet 3 whtoh is unsaolfing itself against ttie 
wafl4ofthewellx)rel. 

[0017] The sheet 3 has been towered into the welbore 
1 usingacarriertoolSwhich is suspended onawirefine 

6. 

[001 8] The carrier tod 5 and wtreTme 6 are shown in 
the drawing in dotted lines. 

[0019] Before towering the carrier tool 5 into the weU- 
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bore 1 the sheet 3 is 8aoited around the tool 5 and fixed 
to the tool 5 using tack welds and/or dips. When the tool 
has arrived at the location where the sheet 3 is to be 
installed the tack wekis andtor cSp& are released, for 
example using exptosive devices which shear off the 5 
tack wekls and/a dtps. 

[0020] The resilient sheet 3 has a thickness of at least 
2 nrm and an elastic strain of at least 0.6% which aUows 
the sheet to dey/etop a Ngh expansion force so that rt 
expands and presses Hself into place against the wall 4 10 
of the weflbore 1 and to remain in place after insteBation 
even 9 the pore pressure of the surrounding formation 2 
is higher than the fluid pressure within the weltMxe 1 . 
I9Q211 When seen in drcumferentiai direction, the 
ends of the resfltent sheet 3 form flaps 7 where the fs 
she^ 3 has a reduced mB thk^kness. The circumferen- 
tial length of the sheet 3 will be chosen sfightly larger 
than the circumference of the wafl 4 of the welbore 1 
such that the flaps 7 will at least partly overlap if the 
resilienlsheet 3 has been expanded against said wan 4. 20 
Thus the flaps 7 wil aeeta a shut-off for leaks and wiB 
aeate a smooth and almost seamless mtemat bore of 
the expanded sheet 3. To improve the sealing a further 
sleeve (not shown) of cellular rtlaber may be placed out- 
side the outer flap 7. This sleeve shoUd be bonded 2s 
Btong an axicri line, but not around the circumference of 
the flep 7. This is because the rubber has to stretch on 
unsaoning. and must ttierefore slide over the flap 7 
whkii does not stretch. The interface may be lii)ricated. 
10022] tntheasseniblyshowninFig. Itheftaps7are so 
not taken into account for detemvnatfon of the average 
wan thfokness of the sheet 3. In aoooidance with the 
inventfon the average wan thickness of the sheet 3 is at 
least 2 mm whereas the waB thk^ness of the flaps 7 
maybelessthan2mm. Thus, when used in this speci- ss 
fication. the term avemge wall thkkness of the sheet 
denotes the waQ thickness of any parts of the sheet 3 
other than the flaps 7 and locations where the sheets is 
perforated. 

[Q023] The nf«3dmum average waQ thickness T of a 4o 
sheet 3 that wiO fiily etastlctf ly unsoroO can be esti- 
mated on the basts of the formula: 

T/d-TyD<Y/E 

45 

where: 

da the scrolled diameter of the sheet 
Ds the relaxed diameter of the sheet 
Y. the yieU or proof stress of the sheet material: so 
and 

Ee the elastic modulus Of the sheet material. 

[0024] By virtue of its high elastic strain, viz. at least 
0.e% resulting from the confoination ol low elastic or 55 
Young's modulus (preferably not more than 115.000 
MPa) and high proof stress (preferably at least 825 
MPa) the sheet according to the invention can have 



larger wall thickness than conventnnal resilients 
sheets. Titanium alloys having an elastic modulus less 
than 1 50.000 MPa are particularly suitable for use in the 
sheet according to the invention. A Ti aOoy grade 5 
sheet having an average wafl thickness of 4 mm can be 
used for a r (1 7.5 mm) casing repair. A Ti-22V-4AI alley 
sheet having an elastic modulus of 82 MPs and thermo- 
mechanically processed to achi eve a proof stress of 720 
MPa or greater can be used for the same repair with an 
average waO thido^ess of 5 mm 
[002$] Further, some metastablebeta-titaniumaBoys 
such as Th16V-3AI-eZr with appropriate thermome- 
chank»l processing exhfoit pseudodastidty to an 
extent that would penmrt an average waU thfckness 
between 1 1 and 13 mm TihE wouU pemA o^en greater 
waH tttidmss. These pseudoelastc aBcys can also be 
used to permit sadling to a smaller dtameter when the 
sheet has an average wall thictoiess of several nriSme- 
tres to allow installation through constrictions, such as 
through-tubBig operations an ofl or gas production 
well. 

(p0261 The large average waHthidmess of the sheet 3 
is not oriy usM for creating a robust SGroR but also fa 
enhancing the spring force with which the sheet 3 
unscrotls and presses itself against the wall 4 of the 
welfoorel. 

[0027] Referring now to Fig. 2 there is Shewn a view 
of an unscfoPed sheet according to the Invention where 
the sheet forms a weB saeen 10 which contains eton- 
gate circumferential sfots 11 that are anranged in siA>- 
stantially parallel rows both a»aDy and drcumferentially 
Mxoss the screen 10. with no Stagger between the rows 
of sfots. The perforations are also tapered (not shown) 
in racfial directfon so that the smallest wk^ of the perfo- 
rations is tocaled at the outer surface of the sheet when 
the sheet is scrolled. 

[0028] The tapered shape of the skMs 11 senM to 
avoM that sand partk:les whfoh may enter the sfots 1 1 
coukJ become stuck partway in the slots 11. 
P)029] Circumferential unstaggered slots 11 are pre- 
ferred to holes or non<ircumferential slots because the 
operation of scrolling and unscroRing can be performed 
with minimal stress concentrations In the screen mate- 
rial, whie retaining maximum spring force, strength and 
stiffness. 

[0030] The srrdled wdlsaeen Shown in Fig. 2 can 
also be covered, preferably at the outer surtace. with ni- 
ter material. Optionally the filter material can be sepa- 
rated from the surface of the screen 10 by a drainage 
layer, for example coarse woven wire, so that the f hikl 
passing flvough the fitter layer not immediate opposite a 
dot 1 1 in the scroll can ftow to the sfoit 1 1 through the 

drainage layer. 

[0031] The filter and drainage layers can be made Of 
scrolled sheets of fitter and drainage material whfoh sur- 
round the saeen 10. The sheets of the screen 10 and of 
the fitter and drainage layers can be provkJed wHh end 
flaps where the sheet has reduced thkdviess in the 
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same way as 6hovm in Rg. 1 in oitler to create a eeam- 
(ess screen vvhen the assentdy of the saeen 10 and 
surrounding filter and drainage layers unsaoOs itself 
against the wedbae or perforated production liner. The 
weOscreen can thus press itseH directly agamsX the well- 
bore or perforated pioduction 6ner, without an interven- 
ing anmjUjs. thus obviating the need for gravel packing, 
thereby reducing the risk of erosion and stabilizing the 
formation. 

[0032] If desired, the overtapping ends cf the sheet or 
screen may be maintained in a fixed position relative to 
each other once the sheet has been expanded and 
installed within the conduit or welibore. This may be 
achieved by welding or bondkig the ends to each other, 
or by providing the overlapping ends with axial tocWng 
grooves 

or with ratchet pronea that aOow unsoroOing but 
prevent re-€crolling of the sheet or screen. 

Ctalms 

1. A method for instalfing a scroOed resilient sheet 
atongside the irYier surface of a fluid conduit, the 
method coinprising ttie steps of : 

- saofling the resSient sheet and securing the 
scrofied sheet to a carrier tool such that the 
carrier tool carrying the scrolled sheet can be 
moved through the conduit; 

- moving the carrier tool to a locatfon in the con- 
duit where the resilient sheet is to be installed: 
and 

- releasing the resilient sheet from the carrier 
tool thereby altowing the resilient sheet to 
ofMnd towards the Inner surface of the con- 
duit. 



vals and is installed afongside the inner surface of 
the welbore to serve as a weUscreen. 

5. The method of claim 4. wherein the perforations 
5 consist of efongate circumferential sfots wtiich are 
arranged in substantially parallel rows both axially 
and drcumfbrentially across the sheet, with no 
stagger between the rows of sfots. 

10 6. The method of daim 4. wherein the perforations are 
tapered in radial directfon such that the smallest 
width of the perforatfons is located at the outer sur- 
face of the scroOed resiSent sheet. 

15 7. The method of daim 1. wherein the resilient sheet 
has a thickness Of at least 5 mm and is made of a 
pseudo dftfc tiC al<y. 

8. *me method of daim 7. wherein the aloy is soMion- 
20 treated Ti-16V-3Al-6Zr. 

9. The method of daim 7, wherein the altoy is TiNK 
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Wherein the resifient sheet has an average wall 
tNdaiessofallea8t2mmandan elastic strain or a 
pseudoelastic recoverable strain of at least 0.6% so 
as to induce the scrolled sheet to expand with an 
expansfon force which is suffidentty high to aifow 
the sheet to press itself into plaoe afongskle the 
inner surface of the conduit during installation and 
to remain in place after instaBatfon. 

45 

2. Themethodof daim 1. wherein the resilient sheet 
has an average wail thk:knes8 of at least 3 mm arxl 
is made of a titanium alloy having an elastic modu- 
lus not more than 1 1 5.000 MPa and a proof stress 
of at least 825 MPa. so 



3. The method of da&n 2. wherein the resilient sheet 
material has an average wall thickness of at least 4 
mm and is made of a Th6AI-4V alloy. 

4. The method of claim 1 . wherein the fluid conduit is 
formed by an inflow region of hydrocaibon produc- 
tion well and the sheet is perforated at regular inter- 
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